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and C termini. Other mucins, such as MUC7, are smallerSignaling Mucins in the (S)limelight
and soluble, and occur in less viscous secretions such
as saliva. Members of a third class of mucins share the
property of being anchored in the epithelial cell mem-
brane through a classical transmembrane domain. Pro-
Mucins may be the ugly ducklings of molecular biol-
totypic mucins of this class are MUC1 and MUC4. Mu-
ogy. Their large size, repetitive nature, and unglamor-
cins play a key role in the protection and lubrication
ous biological activities have not favored their study. of vulnerable epithelial surfaces, be it as a membrane-
However, integral membrane mucins have conserved bound shield or as a secreted constituent of the overly-
intracellular C termini that may influence intracellular ing mucin gel.
signaling. In a recent issue of Genes & Development, The class of membrane mucins has long been sus-
Cullen et al. show that the C terminus of membrane pected to initiate or modulate intracellular signals (Car-
mucin-like Msb2 activates a CDC42/MAPK cascade raway et al., 2003). The prototypic members MUC1 and
to control filamentous growth of baker’s yeast. MUC4 were originally discovered as carcinoma-associ-
ated molecular markers. Typically, they are overex-
Mammalian mucins are large, highly O-glycosylated pro- pressed or differentially glycosylated by carcinomas,
teins that are secreted by a variety of epithelia (Agrawal as compared to normal epithelial tissue. Upon cloning,
et al., 1998; Carraway et al., 2003). They typically contain MUC1 and -4 were found to be expressed by a variety
large numbers of repeat regions with a high serine-threo- of simple and squamous epithelia, including the airway,
nine content. The O-glycosylation of these repeat re- eye, the gastrointestinal and female reproductive tracts
gions shapes mucins into rigid, extended conforma- and the mammary gland. In simple epithelia, the two
tions. The best-known class of mucins embodies the membrane mucins are sorted to the apical surface. Sub-
gel-forming constituents of viscous epithelial secre- sequent studies suggested that altered expression of
tions. This class is thus largely responsible for the well- the MUC genes supported tumor progression and me-
known, if not so attractive, physicochemical properties tastasis (e.g., Komatsu et al., 2001). At least in part,
of mucus. Mucins that exemplify this class are MUC2, these effects appeared to relate to the anti-adhesive
MUC5a and -b, and MUC6. Gel-forming mucins form and anti-immune recognition properties of these mucins
(Agrawal et al., 1998). However, a more active role wasextended polymers through disulfide-linkage of their N-
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suggested from studies that implied MUC1 and -4 in the authors to speculate that the Msb2/Sho1 protein
cell signal control. The intracellular tail of MUC1 serves complex serves as a sensor at the head of the FG path-
as a docking site for the Wnt effector -catenin (Yama- way, possibly to detect stress within the overlying cell
moto et al., 1997), while it can also trigger the Grb2- wall.
Sos-Ras-MEK-ERK2 MAPK pathway (Pandy et al., 1995; The study by Cullen et al. may be extrapolated to the
Meerzaman et al., 2001). MUC4 can interact with the mammalian membrane mucins. Progressive deletion of
receptor tyrosine kinase ErbB2 and control its activity the mucin repeats from the extracellular domain of Msb2
(Komatsu et al., 2001). These biochemical observations creates an increasingly hyperactive receptor. Possibly,
have remained unconfirmed, however, by genetic stud- the mucin domains of MUC1/4 serve similar inhibitory
ies, e.g., in Muc1/ knockout mice (Spicer et al., 1995). roles. Global genomic instability, a hallmark of human
Support for a signaling role for membrane mucins now cancer, could lead to the progressive loss of mucin
comes from unexpected quarters. Cullen et al. (2004) repeats with consequent changes in cellular signaling.
describe a yeast membrane mucin that controls intracel- Furthermore, it is intriguing that Msb2 as well as MUC1/4
lular signaling. Filamentous growth (FG) is induced when is sorted in a polarized fashion. The interaction of Msb2
the normally single-celled yeast Saccharomyces cere- with the Rho-like GTPase Cdc42 suggests an intimate
visiae is forced to grow under specific, e.g., metaboli- relationship between the control of polarity and the func-
cally adverse, conditions. FG-competent yeast cells tion of membrane mucins. In any case, the existence of
invade agar medium lacking glucose, and display signaling mucins in species as diverse as yeast and man
pseudohyphal growth on low-nitrogen medium. Previ- implies a prominent biological role for these molecules.
ous genetic studies on the control of FG have outlined The report of Cullen et al. emphasizes that the functions
a MAPK cascade, which shares most of its components of membrane mucins in epithelial growth and polarity
with the mating pathway and the high osmolarity glyc- should not be underestimated. Undoubtedly, human ep-
erol response (HOG) pathway (Pan et al., 2000). These ithelial cancers will turn out to highjack the activities of
include the Rho-like establisher of polarity Cdc42, the signaling mucins for their benefit.
upstream kinase Ste20, and the MAPK components
Ste11 and Ste50. Of note, each of the three MAPK cas-
Hans Cleverscades has its own dedicated MAPK.
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